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(54)TiUe: WELDING OF CARPET TO PANELS 



(57) Abstract 

A system and method for using a laser (18) to weld a plastic substrate material (12) to an adjacent material (14X such as a synthetic 
carpet panel. The materials are placed in contact widi oppositely directed major surfaces, so as to provide an interface therebetween. The 
material closest to the laser (18) is transparent to a wavelength of the laser bean, so that the impinging laser beam can be focused at a focal 
region on die interface. The other material aljaccnt to the mtcrface is absortjent to the wa\'elengdi, so that heating of Ihe other material by 
the laser beam causes a pattern of a plurality of melt zones to be formed, each melt zone consisting of portions of each of the materials. 
Subsequent cooling of the melt zones causes the adjacent materials to become welded together. Additives are combined with the materials 
to modify their transmission and absorption characteristics with respect to visible light and laser wavelengths. 
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WELDING OF CARPET PANELS 


FIELD OF INVENTION 

This invention relates to a method and apparatus for manufacturing laminated panels 
5 such as but not limited to door panels, kick panels, instrument panels, rear decks, seat backs, 
and consoles for the automotive industry. 
BACKGROUND OF THE INVENTION 

A laminated panel such as a carpeted panel typically consists of a thermoplastic 
substrate, normally made of ABS, Nylon, PE, or PP plastic, onto which is bonded a synthetic 
1 0 fiber carpet with a thermoplastic backing. The carpet is mated to the plastic substrate and 

must fit properly so that no excessive gaps or spaces are present between the substrate and the 
carpet. 

Various means of attaching such carpet material akeady exist, for instance, 
mechanical stapling of the carpet to the substrate, the use of adhesives, and other mechanical 
15 fasteners. These methods are often time consuming, visually unappealing, and generally 
result in the failure of the fasteners or adhesives over time. 

Another method of fastening uses ultrasonic or vibration welding to attach the carpet 
to the substrate. Various problems exist with these methods. Ultrasonic welding tends to 
leave visual weld marks where the hom of the welder has made contact with the surface and 
20 is only suitable for spot welding. Vibration welding is limited to mostly flat surfaces, or 
simple three-dimensional parts with rigid backings, and requires complex securing 
mechanisms in order to vibrate the parts together. 

It is therefore an object of the present invention to provide the method and materials 
that obviate or mitigate the above disadvantages. 

25 

SUMMARY OF THE INVENTION 

According to one aspect, the invention comprises a system for laminating a pair of 
panels having dissimilar optical characteristics such that one of the panels is transparent to 
laser radiation at a predetermined wavelength and another is substantially absorbent thereto. 
30 The system includes a support to locate the panels with oppositely directed major surfaces in 
abutment to provide an interface between the panels and a laser to pro\ade a beam of coherent 
radiation at the predetermined wavelength. The laser is focused at the interface to produce a 
melt zone. The laser is displaceable relative to the support to cause the beam to impinge the 
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one panel and be transmitted therethrough to produce a plurality of melt zones formed at said 
interface. Each of the melt zones consist of a portion of each of the panels at the interface, 
whereby upon cooling the panels become welded to one another. 

According to a further aspect of the invention Aere is provided a method of 
5 laminating a pair of panels of differing optical characteristics with one of the panels being 
transparent to a predetermined wavelength and a second panel being substantially absorbent 
thereto, comprising the steps of: 

(a) positioning oppositely directed major surfaces of the panels in contact to provide an 
interface therebetween; 

10 (b) transmitting the laser beam of predetermined wavelength through the one panel to the 
interface; 

(c) focusing the laser beam at a focal region on the interface; 

(d) applying the laser to heat and melt a portion of the second panel at the interface; 

(e) displacing the laser beam relative to the panels to melt a plurality of portions of the 
15 panels adjacent to the focal region to produce a corresponding plurality of melt zones 

formed at the interface, each of the melt zones consisting of a mixture of the portions 
of the panels; and 

(f) cooling of the melt zone so that the panels become welded at the interface. 

In one embodiment, the present invention involves the use of a laser to weld a plastic 
20 substrate to a carpet primarily for carpeted vehicle interior panels. The carpet is normally 
mounted on a flexible or rigid backing and positioned on a plastic substrate, which can be of 
a planar or three-dimensional shape. The welding apparatus includes a robot-controlled laser 
focussed onto the interface between the substrate and the carpet, normally from the substrate 
side but the laser may also be positioned on the carpet side. The radiation from the laser is 
25 absorbed by the plastic and causes the interface to meh, and when the materials are 
compatible a weld occurs. 

Preferably a continuous wave fiber-coupled diode laser is utilized. Pigments and 
dyes, either absorbent or transparent to the laser, are used in the plastic material to control the 
degree and location of localized heating. Certain combinations of individual pigments or 
30 dyes may be used to obtain solid colors in the visible spectrum, such as black, which are 
transparent to the wavelength of the laser. Impact modifiers can also be added to the plastic 
to generate localized heating and alter the physical characteristics of tiie plastic material. 

Whilst some heat damage may occur on the back of the substrate where the laser 
beam was focussed, the substrate is not usually visible in the final product. This welding 
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process also minimizes visible heat damage to the carpet fibers. The laser can weld the carpet 
by spot, stitch, or continuous welding patterns. Complex three-dimensional surfaces can be 
followed and welded easily by the robot. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be described by way of example only with 
referoice to the accompanying drawings, in which 

Figure 1 is a cross sectional view of a carpet laser welding assembly. 

Figure 2 illustrates a number of possible welding patterns. 

Figure 3 is an alternative embodiment of the apparatus for welding of carpets with 
absorbent fibers. 

Figure 4 shows the welding of a carpet to a three-dimensional surface. 

Figure 5 shows transparency characteristics of dye and pigments. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Figure 1, a laminated trim-piece (10) is formed from a pair of panels 
including a thermoplastic substrate (12), and a carpet overlay (14). The carpet (14) includes a 
pUe (15) secured to a thermoplastic backing (16). Tht panels of the trim-piece (10) are held 
in a cradle (17) during assembly with oppositely directed surfaces, in intimate contact to 

define an interface 24. 

The material of the panels are selected to exhibit different optical properties so that 
the substrate (12) is chosen to be transparent to the wavelength of the laser (22) and the 

backing (16) absorbent. 

A robot (not shown) positions a laser welding head (18) on the subsu-ate (12) side, so 
that a laser beam (22) is focused as indicated at (20) at an interface (24) between the substrate 
(12) and the carpet backing (16). The type of laser beam (22) used m this approach is a 
continuous wave diode laser operating at 808 nm or 940 nm, however an Nd:YAG or a CO2 
laser spanning the wavelength range 500 nm to 10600 nm can also be used. 

When the laser beam (22) impinges on the substrate (1 2), it is transmitted to the 
interface (24). Absorption of the laser radiation by the backing (16) at die focal region (20) 
causes heating at the interface (24), which melts the substrate (12) and die backing (16). 
Upon cooling, the substrate (12) and the backing (16) become welded at the interface (24). 

Several styles of welding patterns can be applied to secure the carpet backing (16) to 
die substrate (12). some examples of which are shown in Figure 2. The patterns of spot (26). 
stitch (28), or continuous welding (30) were used in initial testing, wherein the spacing (34) 
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between the individual weld locations (32) was limited to 2.5 cm. The width of the welds 
(32) used are preferably one millimeter, but can be made larger by increasing the laser power 
and defocusing the beam (22). Typical welding times can range from 20 seconds to 45 
seconds, depending upon the surface area of the substrate (12) and backing (16), and the 
5 number of welds (32) required. The required power of the laser beam (22) varied between 50 
and 100 W with transverse speeds ranging from 1 to 3 m/min. If desired, shorter welding 
times and faster speeds may be obtained with higher intensity laser beams (22). 

The carpet pile (1 5) and backing (16) will typically be made from a polymeric 
material, usually a thermoplastic. Uncolored polymers are nearly 100% transparent to diode 
1 0 and Nd:YAG laser radiation. To enhance heating at the interface, the carpet backing (16) can 
include a pigment, such as carbon black that is absorbent at the wavelength of the laser beam 
(22). This pigmentation therefore increases the absorption of the laser radiation of the carpet 
backing (16). When the laser beam (22) strikes the interface (24), the transparent substrate 
(12) does not absorb the laser radiation but the carpet backing (16), with the imbedded 
15 pigment, absorbs the laser radiation and melts. This in turn causes the locaUsed melting of 
the substrate (12) and the bonding of the substrate (12) and carpet backing (16) together. 
Since relatively little absorption occurs in the substrate (12), as compared to the carpet 
backing (16), visible damage is minimized on the substrate (12) or the carpet fibers (14). 
Weldable pairings of materials investigated include; polyethylene - polyethylene. 
20 polyethylene - polypropylene, polypropylene • polypropylene, rubber - mbber, rubber - 
UHMW polyethylene, and UHMW - UHMW. The use of polyethylene and polypropylene 
materials in the manufacture of carpet panels (10) is made possible through laser welding, as 
these materials typically cannot be glued together. The use of polyethylene and 
polypropylene materials in carpet panels (10) also represents significant cost savings over the 
25 typical use of ABS and nylon materials, which are glueable but more expensive. 

In a fiirther embodiment, impact modifier examples can be added to the substrate (12) 
or carpet backing (16). The presence of these modifiers attenuates the laser beam (22) 
striking the plastic material and therefore causes local heating to occur, which welds the 
substrate (12) and adjacent backing (16) together. 
30 An alternative embodiment, shown in Figure 3, is to choose the fibers of pile (1 5) and 

backing (1 6) fix)m material such as polypropylene, and color them with pigment or dyes 
transparent to the laser radiation. The substrate (12) can then be colored with an absorbent 
pigment such as caibon black and the carpet backing (16) is welded to the substrate (12) from 
the carpet side. Absorption of radiation only occurs at the surface of the substrate (12). 
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thereby bonding the substrate (12) and the backing (16) together. This process can minimize 
potential damage to the carpet fibers (14). 

Many appUcations in the automotive industry, require a black carpet which is 
typically absorbent to laser radiation. To obviate ftis, the materials of the carpet may be 

5 coloured with a pigment or dye which is substantially absotbtive i.e. black, in the visible 
spectrum but which is transparent to the radiation of the laser beam (22). This may be 
obtained by mixing pigments or dyes of the primary colors red, yellow and blue exhibiting 
transparency to the wavelength of the laser beam (22). Suitable pigments that have been 
used to provide a visible black colour that is optically transparent at laser wavelengths are 

1 0 available from Ciba Geigy as follows; blue - iragalite gbp, yellow - cromophtol 8gn, and red - 
iragahte 2bp. Each exhibit the individual specd^l characteristics shown in Figure 5. When 
mixed in the proportion of 1 :1 :0.5 (blue-yellow-red) a black color is obtained in the visible 
spectrum but high transmission is retained at the wavelength of the laser beam (22). 
Altemanve pigments are; red - iragalite rubine 4bp, blue - cromophtol a3r, and yeUow - 

15 iragalite wg). 

Generally, pigments of primary colours exhibiting high transmission to laser 
wavelength but low liansmission to the required visible wavelength may be mixed to obtain 
the requisite attributes and added to the polymer of the carpet fibers (14). The optical 
characteristics, shown in Figure 5, illustrate a distinct absorptive region (40) and transmissive 

20 region (42), located in the infrared spectrum. 

A further embodiment, shown in Figure 3, demonstrates how the fibers of pile (1 5). 
potentially radiation absorbent, could be separated mechanically by a shoe (36). which 
reveals the carpet backing (1 6) and allows the laser beam (22) to weld the substrate (12) and 
the carpet backing (16) together. The shoe (36) moves with tiie laser head ( 1 8) to 

25 progressively expose the backing (16). When the welding process is completed, the carpet 
fibers ( 14) are released to move back into a nahual position. This process could be used 
when carpet fibers (14) are generally absorbent to the laser beam (22) and the back of the 
substi:ate (12) is not accessible. 

In another embodiment, the process of laser welding with a robot can also be applied 

30 to a complex three-dimensional part (38), shown m Figure 4. Since laser welding is a non- 
contact process, shapes of parts are easily welded by the laser which are difficuU to weld by 
vibration. The substrate (1 2) is preferably made from polypropylene or polyettiylene 
material. The carpet backing (16) is preferably made from polypropylene or polyetiiylene, 
while the carpet fibers of pile (15) are made from nylon or polypropylene. Otiier materials 


-5- 


wo 00/66346 


PCT/CA0O/0O4S9 


may be used as appropriate. The laser power required for this operation typically varies 
between 50 watts to 100 watts for the desired material thicknesses, ranging between 0.3 cm 
and 1.3 cm respectively. The focal length of the lens used in the laser (18) is 2 inches, but 
different focal lengths may be used depending upon material properties or geometry. The 

5 laser head (18) is manipulated by a robot to follow closely the contours of the part (38) and 
maintain the focus of the laser at the interface between the backing (16) and substrate (12). 

The welding pattern (26), (28), (30) can be other than shown, the weld (32) spacing 
other than one inch, the weld thickness other than 1 mm, and the welding times other than 
indicated. The type of laser used in welding can be other than diode laser and NdrYAG. Any 

10 complex shape or shapes can be used, where the geometry is only limited by access of the 
laser beam (22). 

Although the invention has been described with reference to certain specific 
embodiments, various modifications thereof will be apparent to those skilled in the art 
without departing fiom the spirit and scope of the invention as outlined in the claims 
IS q>pended hereto. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 . A system for laminating a pair of panels having dissimilar optical characteristics such 
that one of said panels is transparent to laser radiation at a predetermined wavelength 
and a second of said panels is substantially absorbent thereto, said system comprising: 
a support to locate said panels wifli oppositely directed major surfaces in abutment to 
provide an interface between said panels; and a laser to provide a beam of coherent 
radiation at said predetermined wavelength, said laser being focussed at said interface 
to produce a melt zone, said laser being displaceable relative to said support to cause 
said beam to impinge said one panel and be transmitted therethrough to produce a 
plurality of melt zones formed at said intraface; each of said melt zones consisting of 
a portion of each of said panels at said interface, whweby upon cooling said panels 
become welded to one another. 

2. A system for welding according to claim 1 , wherein said second panel includes an 
additive for enhancing absorption characteristics of said beam at said predetermined 
wavelength. 

3. A system for welding according to claim 2, wherein said additive is selected from the 
group comprising pigments and dyes. 

4. A system for welding according to claim 3, wherein said additive is carbon black. 

5. A system for welding according to claim 2, wherein said additive is an impact 
modifier. 

6. A system for welding according to claim 1 , wherein said one panel includes an 
additive which is substantially absorbent to visible spectrum radiation and 
substantially transparent to radiation of said laser beam. 

7. A system for welding according to claim 6, wherein said additive is selected from the 
group comprising pigments and dyes. 
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8. A system for welding according to claim 7, wherein said additive is a mixture of 
primary colors. 

9. A system for welding according to claims 1 to 8, wherein said panels comprise 

5 polymers selected from the group comprising polyethylene, polypropylene, rubber, 

andUHMW. 

1 0. A system for welding according to claims 1 and 9, wherein said predetermined 
wavelmgth is in the range SOOnm to 10,600nm. 

10 

11. A system for welding according to claim 1 0, wherein said laser is a Nd: YAG laser. 

12. A system for welding according to claim 1 0, wherein said laser is a diode laser. 

15 13. A system for welding according to claim 1 , wherein a pattern of said plurality of melt 
zones is selected from the group comprising spot, stitch, and continuous welds. 

14. A system for welding according to claim 1 , wherein said one panel includes a 
plurality of fibers providing a carpet pile and secured to a backing, said pile being 

20 located on an exterior surface of said backing spaced apart from said interface. 

15. A system for welding according to claim 14 fiirther comprising a separator for 
spreading laser radiation absorbent ones of said carpet fibers to expose a portion of 
said exterior surface of said backing, whereby said laser beam impinges upon said 

25 interface. 


1 6. A system for welding according to claim 14, wherein said fibers are substantially 
transparent to said wavelength of said laser beam. 

30 17. A method of laminating a pair of panels of differing optical characteristics with one 
said panels being transparent to coherent radiation at a predetermined wavelength ai 
a second of said panels being substantially absorbent to said predetermined 
wavelength, the method comprising the steps of: 
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positioning oppositely directed major surfaces of said panels in contact to provide an 
mterface therebetween; 

transmitting a laser beam of predetennined wavelength by a laser through said one 
panel to said interface; 

focusing said laser beam at a focal region on said interface; 
applying said laser beam to heat and melt a portion of said second panel at said 
int^ace; 

displacing said laser beam relative to said panels to melt a plurality of portions of said 
panels adjacent to said focal region to produce a corresponding plurality of melt zones 
formed at said interface, each of said melt zones consisting of a mixture of said 
portions of said panels; and 

cooling of said melt zone so that said panels become welded at said interface. 

18. A method according to claim 17, wherein a pattern of said plurality of melt zones is 
1 5 selected ftom the group comprising spot, stitch, and continuous welds. 

19. A method according to claim 17 fiuther including the step of moderating an intensity 
of said laser beam so that heat damage to a visible surface of at least one of said 

20 panels is minimized. 

20. A method according to claim 1 7, wherein said interface is a three dimensional surface 
and said laser is adjusted to maintain said focal region at said interface. 

25 

21. A method according to claim 17 fiirther comprising the steps of incorporating 
additives to at least one of said panels for modifying transmission characteristics of 
said panel with respect to said predetennined wavelength of said laser beam. 

30 

22. A method according to claim 2 1 including the step of incoiporating a pigment or dye 
in said second panel to enhance the absorption thereof at said predetermined 
wavelength. 


(a) 

(b) 

5 (c) 
(d) 

(e) 

10 

(0 
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23. A method according to claim 21 including the step of mixing primary colours for 
incorporation in said one panel to provide substantial absorption in the visible 
spectrum and transparency at said predetermined wavelength. 

5 

24. A method according to claim 22 wherein said one panel includes a plurality of fibres 
to form a carpet pile and a backing to secure said pile, said backing being transparent 
to said predeteraiined wavelength. 

10 25. A method according to claim 24 wherein said fibres are absorptive to said 

predetermined wavelength and said method includes the step of separating said fibres 
to permit said beam to impinge upon said backing and be transmitted therethrough to 
said interface. 


15 26. A method according to claim 24 wherem including the step of mixing primary colours 
and incorporating such mixture in said fibres to provide substantial absorption in said 
visible wavelength and transmission at said predetermined wavelength. 

27. A method according to claim 26 including the step of a mixmg said primary colours 
20 to be transmissive in the infixed range. 

28. A panel for securing to a substrate to provide a finished component, said panel 
comprising a plurality of fibres to provide a carpet pile and a backing to secure said 
pile, said backing being transparent to a laser beam of a predetermined wavelength 

25 and said fibres having an additive to render them transparent to said predetermined 

wavelength and substantially absorptive of light in the visible specuiim. 

29. A panel according to claim 28 wherein said additive is provided by a mixture of dyes 
or pigments. 

30 

30. A panel according to claim 29 wherein said additive is a mixture of primary colours. 


31 . A panel according to claim 30 wherein said mixture is transmissive in the infirared 
spectrum. 
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